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ABSTRACT 
 
 This report deals with the emission of a single cylinder diesel engine and also the 
fuel consumption. The objectives of this report are to study the emission characteristics and 
the fuel consumption of a single cylinder diesel engine that are using tire scrap fuel 
compared to diesel fuel. This report describes the experimental setups and procedures for 
analyzing the emission characteristics and also the fuel consumption due to usage of the 
both fuels with the diesel engine running with no load exerted on it. The engine speed is 
variable. Detail studies about the experimental setup and components have been done 
before the experiment started. Data that are required for the analysis is obtained from the 
experiments. The fuel consumption is analyzed using the fuel flow meter and results for 
both fuel usages are compared in graph. The exhaust gas emission such as NO, NOx, CO, 
CO2, and O2 is analyzed using the exhaust gas analyzer and the results for both fuel usages 
are plotted in graph and compared. Calculations and analysis have been done after all the 
required data needed for the report is obtained. The results from the experiment show that 
the diesel fuel is better than tire scrap fuel in term of fuel consumption, CO emissions and 
CO2 emissions and vice versa for the other parameters.  
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ABSTRAK 
 
Laporan ini membentangkan hasil eksperimen berkaitan pembebasan asap dari enjin 
diesel silinder tunggal dan juga penggunaan bahan bakar. Tujuan laporan ini adalah untuk 
mempelajari ciri-ciri pembebasan asap dan penggunaan bahan bakar enjin diesel satu 
silinder yang menggunakan bahan bakar ban bekas dibandingkan dengan minyak diesel. 
Laporan ini menjelaskan setup dan prosedur eksperimen untuk menganalisis ciri-ciri 
pembebasan asap dan juga penggunaan bahan bakar oleh penggunaan kedua-dua bahan 
bakar dengan mesin diesel bekerja dengan tanpa beban dikenakan padanya. Kelajuan enjin 
adalah diubah-ubah. Kajian tentang setup dan dan prosedur eksperimen telah dilakukan 
sebelum eksperimen dilakukan. Data yang diperlukan untuk analisis diperolehi daripada 
eksperimen. Kadar penggunaan bahan bakar dianalisis menggunakan meter aliran bahan 
bakar dan keputusan untuk kedua-dua penggunaan bahan bakar berbanding dalam graf. 
Pembebasan gas buang gas seperti NO, NOx, CO, CO2, dan O2 dianalisis dengan 
menggunakan alat penganalisis gas dan keputusan untuk kedua-dua penggunaan bahan 
bakar diplot dalam graf dan dibandingkan. Pengiraan dan analisis telah dilakukan selepas 
semua data yang diperlukan yang diperlukan untuk laporan tersebut diperolehi. Hasil dari 
kajian ini menunjukkan bahawa bahan bakar diesel lebih baik daripada bahan bakar ban 
bekas dalam penggunaan bahan bakar, pembebasan gas CO dan pembebasan gas CO2 dan 
sebaliknya untuk parameter yang lain. 
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CHAPTER 1 
 
INTRODUCTION 
 
1.1 INTRODUCTION 
This chapter discussed about the overall project background such as problem 
statement, objectives and scopes of the project. All the information is important to start 
this project. This project is focused on study about exhaust emission of single cylinder 
diesel engine that using tire disposal fuel.  
 
1.2 PROJECT BACKGROUND 
Tire disposal fuel is a type of fuel that is formed from used type by pyrolysis 
process. The pyrolysis process is the thermal degradation of waste in the absence of 
oxygen at elevated temperatures and pressures. The process is carried out at 
temperatures typically upwards of 430 °C. In practice, it is not possible to achieve a 
completely oxygen-free environment and so a small amount of oxidation occurs. The 
products of pyrolysis (from organic waste) are gases, small quantities of liquid, and a 
solid residue containing carbon and ash. The gases produced in the process can then be 
used to provide the heating energy for continuing the process.  
The tire pyrolysis process essentially returns the high heating value of the rubber 
and oils that were initially used in the manufacture of the tires. By carefully controlling 
the temperature, pressure and oxygen level more pyrolysis oil and charcoal is 
encouraged. This pyrolysis oil can then be used as a replacement diesel fuel.  
The main apparatus that are used for this project is a diesel engine type 
YANMAR TF120 model that is single cylinder with 638cc of displacement. The  
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other specifications of this engine are it has 12 BHP of output and 10.5 BHP of 
continuous output. Its cooling system use water cooled cooling systems with radiator. 
This engine also uses direct fuel injection with a high pressure Bosch pump. 
The basic characteristics of diesel engine are it is a four stroke, compression-
ignition engine which the fuel and air are mixed inside the engine. The air required for 
combustion is highly compressed inside the combustion chamber. This generates high 
temperatures which are sufficient for the diesel fuel to spontaneously ignite when it is 
injected to the cylinder. The diesel engine thus uses heat to release the chemical energy 
contained within the diesel fuel and convert it into mechanical forces. 
This project is focused on emission characteristic of diesel engine when tire 
disposal fuel is used compared to ordinary diesel fuel. Fuel consumption for both fuel 
usages are also calculated and compared. 
 
1.4 PROBLEM STATEMENT 
Nowadays, with the increase of usage of motorized vehicle, the production of 
scrap tires also increased. Chuan (2006) states that Malaysia generates about 150,000 
tons of scrap tires every year. The numbers are expected to be increase due to increasing 
number of vehicles. If the scrap tires are not managed well, the scrap tires can give bad 
effect to environment and people’s health. 
 
One of the solutions that are available for this problem is recycling the scrap 
tires into useable product such as fuel. The production of this tire disposal fuel is done 
by pyrolysis process. The problem of this fuel usage to engine is the effect of usage of 
this fuel is unknown. The emission characteristic of an engine that are using this fuel is 
about to be analyzed in this report and also the fuel consumption.  
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1.5       PROJECT SCOPES 
The scopes of this project are to analyze the gas emission characteristic of a 
diesel engine such as NO, NOx, CO, CO2 and O2 which is using tire disposal fuel 
compared to ordinary diesel fuel. The fuel consumption of the engine that is running at 
several speeds with no load exerted to it are also analyzed and compared for both fuel 
usages. 
  
1.6      PROJECT OBJECTIVES 
The objectives of this project are to analyze the fuel consumption and the 
emission characteristic of a single cylinder diesel engine that are using tire disposal fuel 
compared to usage of ordinary diesel that are available in the market. Tire disposal fuel 
formed from pyrolyis process that it can be used as an alternative to ordinary diesel fuel 
usage but the effect of usage of this fuel is unknown. This project is conducted to 
analyze the emission like NO, NOx, CO2, and other emission gas and it is compared to 
the emission of the engine when diesel fuel is used. The fuel consumption of the engine 
due to usage of both fuel are also compared and analyzed. The engine will run without 
load exerted to it. 
Scrap tires Cutting machines Conveyor belt 
Bunker Pyrolysis ovens 
(400°C) by chemicals 
Carbon 
black 
Steel 
Carbon 
black (raw) 
Fuel oil 
Waste 
gases 
Filter 
(treatment) 
Fuel gases (solvent vapours) 
 
 
CHAPTER 2 
 
LITERATURE REVIEW 
 
2.1 INTRODUCTION 
 This chapter described about the information which related to the project such as 
Internal Combustion Engine, Tire Disposal Fuel, characteristics of Diesel fuel and also 
the emission. 
2.2 TYRE DISPOSAL OIL 
This oil is produced from scrap tires through pyrolysis process. The simple 
diagram in producing this oil is shown below: 
 
 
 
 
 
 
Cooling process 
 
  
 
Figure 2.1: Pyrolysis process flow diagram 
 
Source: Murugan et al. (2008) 
 
5 
 
 
 
 
 
 
 
 
 
 
Figure 2.2: Tire disposal fuel 
 
Appearance and properties: 
- Black in color.  
- Strong “burned rubber” smell.  
- Lead (ppm): 0.3 
- Volatile matter, at 105°C at 2 hours: 20.4 
- Flash point: 42°C         
- Density: 747.5 kg/m3 
- Kinematic viscosity: 0. 000108109 m2/s                                                            
  
From Murugan et al. (2008), explained about increase in energy demand, 
stringent emission norms and depletion of oil resources that led the researchers to find 
alternative fuels for internal combustion engines. Many alternate fuels like Alcohols, 
Biodiesel, LPG, CNG etc have been already commercialised in the transport sector. In 
this context, pyrolysis of solid waste is currently receiving renewed interest. The 
disposal of waste tyres can be simplified to some extent by pyrolysis. The properties of 
the Tyre pyrolysis oil (TPO) derived from waste automobile tyres were analysed and 
compared with the petroleum products. The crude TPO has a higher viscosity and 
sulphur content compared to diesel fuel. Early investigations reveal that TPO blended 
6 
 
with diesel could be used as an alternate fuel for diesel engines. The maximum TPO 
concentration in the TPO-diesel blend was 70 % and the engine failed to operate 
satisfactorily beyond this concentration. An experiment have been conducted to study 
on the performance, emission and combustion characteristics of a single cylinder four 
stroke air cooled DI diesel engine running with the Distilled Tyre pyrolysis oil–diesel 
blends at higher concentrations  From the experiment that have been conducted, it 
shown that engine is able to run upto 90% DTPO and 10% DF (DTPO90) and failed to 
run satisfactorily with 100 % DTPO. Brake thermal efficiency increases with increase in 
percentage of DTPO blends but lesser than DF. About 3 % drop in the thermal 
efficiency is noticed. NO
x 
is lower by about 21 % for DTPO80 and 18 % lower in 
DTPO90 operation than that of DF operation. HC and CO are higher than DF. This may 
be due to the presence of unsaturated hydrocarbon in the DTPO. Smoke is higher for 
DTPO-DF blends compared to DF. 
 
 From Arabiourrutia et al. (1995), explained about the problem of world 
production waste tires that amounts to 5 × 106 tones/year. While in Europe, 2 × 106 
tones are produced and 2.5×106 tones in North America and lastly 0.5×106 tones in 
Japan, as has been reported by Galvagno et al. (2002). The complex nature of tires 
makes them difficult to recycle. Different alternatives for tire recycling such as 
retreading, reclaiming, incineration, grinding, etc. have been used. However, all have 
significant drawbacks and/or limitations. Pyrolysis can be considered a non-
conventional method for tire recycling which is currently receiving renewed attention. 
In the pyrolysis process (heating without oxygen), the organic volatile matter of tires 
(mainly the rubber polymer/s) is decomposed to lower molecular weight products, 
liquids or gases, which can be useful as fuels or as a source of chemicals. The inorganic 
components (mainly steel) and the non-volatile carbon black remain as a solid residue, 
as has been demonstrated by Laresgoiti et al. (2000) tires. In his paper, a study is carried 
out on the performance of a conical spouted bed reactor (CSBR) for the pyrolysis of 
scrap Previous studies have proven that this reactor is especially suitable for the 
treatment of materials that are irregular or of sticky nature. Thus, benzyl alcohol 
polymerization (Olazar et al., 1994), pyrolysis of biomass (Aguado et al., 2000; Olazar 
et al., 2000) and pyrolysis of waste plastics (Aguado et al., 2002, 2003) have carried out 
successfully. Versatility in the gas residence time (from 20 ms to a few seconds) and 
7 
 
turbulent gas–solid contact are the main features of this reactor. The conical spouted 
bed reactor (CSBR) is an interesting technology for the pyrolysis of scrap tires, due to 
its excellent hydrodynamic qualities and to the efficient heat transfer between phases of 
the spouted bed, apart from other characteristics of the conical geometry of the reactor, 
such as its versatility in gas and solid flow rates under stable and isothermal conditions 
in the bed. Moreover, pyrolysis in a CSBR does not have problems related to particle 
fusion of agglomerate formation, and it only requires a small amount of sand to help 
solid flow. 
 
 From Zabaniotou et al. (2003) described that in the present study the rubber 
portion of used car tires was transformed by atmospheric pyrolysis into oil, gas and 
char. The experiments have been performed in a captive sample reactor at atmospheric 
pressure, under helium atmosphere. The effect of temperature on the products yield was 
investigated. In a second step, alternative uses of pyrolysis char such as combustion, 
gasification and active carbons preparation were examined, in order to produce fuels 
and high added value materials. First, pyrolysis char was burned and its reactivity was 
measured in function with pyrolysis temperature. Second, char was gasified with Steam 
and CO2 to produce fuel gases, in a tubular stainless steel reactor. It was also activated 
to produce high added value materials. It was shown that tire chars present higher 
reactivity with steam than with CO2 and also active carbons produced from tire chars 
possess surface areas, comparable with those of commercially available active carbons. 
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Table 2.1: Comparison of DTPO and its blends with Diesel 
 
Source: Murugan (2008) 
 
 
 
 
 
 
 
 
Property Diesel Crude TPO 
 
 
DTPO 
 
DTPO80 
 
DTPO90 
 
Density at 15°C kg / 
m3 
830 
 
935 
 
871 
 
860 
 
865 
 
Kinematic viscosity 
@ 40 °C 
2 
 
3.2 
 
1.7 
 
1.76 
 
1.73 
 
Gross Calorific Value 
MJ / kg 
 
46.5 
 
42.83 
 
45.78 
 
45.9 
 
45.8 
 
Flash Point, 
0
C 
 
50 
 
43 
 
36 
 
39 
 
37 
 
Fire Point, 
0
C 
 
56 
 
50 
 
48 
 
49 
 
48 
 
Sulphur Content, % 
 
0.045 
 
0.95 
 
0.26 
 
0.21 
 
0.23 
 
Ash Content, % 
 
0.01 
 
0.31 
 
- - - 
Carbon Residue, % 
 
0.35 
 
2.14 
 
0.02 
 
- - 
Aromatic content, % 
 
26 
 
64 
 
- - - 
9 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.3: (a) Scheme of the pilot plant. (b) Scheme of the spouted bed reactor  
 
Source: Arabiourrutia (1995) 
 
2.3 CHARACTERISTIC OF DIESEL ENGINE 
 
2.3.1 History of Diesel Engine  
Bosch (2005) stated that the diesel cycle was invented by Rudolf Diesel and it 
has the highest thermal efficiency of any internal or external combustion engine, mostly 
due to its very high compression ratio. Low-speed diesel engines (as used in ships and 
other applications where overall engine weight is relatively unimportant) often have a 
thermal efficiency which exceeds 50%. 
Diesel engines are manufactured in two stroke and four stroke versions. They 
were originally used as a more efficient replacement for stationary steam engines. Since 
the 1910s they have been used in submarines and ships. Use in locomotives, large 
trucks and electric generating plants followed later.  
10 
 
In the 1930s, they slowly began to be used in a few automobiles. Since the 
1970s, the use of diesel engines in larger on-road and off-road vehicles in the USA 
increased. As of 2007, about 50 percent of all new car sales in Europe are diesel. 
2.3.2 Basic Principles of the Diesel Engine 
 Holt D. J (2004) stated that the diesel engine is a four-stroke, compression-
ignition engine in which the fuel and air are mixed inside the engine. The air required 
for combustion is highly compressed inside the combustion chamber. This generates 
high temperatures which are sufficient for the diesel fuel to spontaneously ignite when it 
is injected to the cylinder. The diesel engine thus uses heat to release the chemical 
energy contained within the diesel fuel and convert it into mechanical force. 
4 Stroke cycle  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.4: Four stroke cycle diagram 
 
Source: Holt D. J (2004) 
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Stroke 1 of 4 "Intake": On the intake or induction stroke of the piston, the piston 
descends from the top of the cylinder to the bottom of the cylinder, reducing the 
pressure inside the cylinder. Air is forced by atmospheric (or greater) pressure into the 
cylinder through the intake port. The intake valve(s) then close. 
Stroke 2 of 4 "Compression": With both intake and exhaust valves closed, the piston 
returns to the top of the cylinder compressing the fuel-air mixture. This is known as the 
compression stroke. 
Stroke 3 of 4 "Power": While the piston is at or close to Top Dead Center, the fuel is 
injected into the combustion chamber and ignited by the heat and pressure of 
compression (for a diesel cycle or compression ignition engine). The resulting massive 
pressure from the combustion of the compressed fuel-air mixture drives the piston back 
down toward bottom dead center with tremendous force. This is known as the power 
stroke, which is the main source of the engine's torque and power. 
Stroke 4 of 4 "Blow": During the exhaust stroke, the piston once again returns to top 
dead center while the exhaust valve is open. This action evacuates the products of 
combustion from the cylinder by pushing the spent fuel-air mixture through the exhaust 
valve(s). 
 
2.3.3    Design and Engineering Principles of Diesel Engine 
 The design and engineering principle of the diesel engine are explained in the 
descriptions below (Bosch, 2005): 
Fuel octane rating 
 Internal combustion engine power primarily originates from the expansion of 
gases in the power stroke. Compressing the fuel and air into a very small space 
increases the efficiency of the power stroke, but increasing the cylinder compression 
ratio also increases the heating of the fuel as the mixture is compressed 
 A highly flammable fuel with a low self-ignition temperature can combust 
before the cylinder reaches top-dead-center (TDC), potentially forcing the piston 
backwards against rotation. Alternately, a fuel which self-ignites at TDC but before the 
